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Introduction
The palladium-catalyzed C-C bond formation between aryl, alkenyl, or alkyl halides or pseudohalides and organosilanes, first reported by Yasuo Hatanaka and Tamejiro Hiyama in 1988, is a powerful, alternative procedure to other established procedures like Suzuki or Stille couplings.
1 Although the presence of fluoride ions (KF, Bu 4 NF, etc.) was a requirement for the transmetallation step in the initial reports, later it was discovered that sodium or potassium hydroxide could replace the later reagents/additives for this task. 1b,2 Similarly, several improvements to the initial conditions have been made in the last decades, and several palladium sources and ligands have been employed so far in this context. 3 In contrast with other palladium-catalyzed cross-coupling reactions, very scarce examples of the use of pincer complexes in Hiyama couplings can be found in the literature. 4 Palladium pincer complexes (palladacycles containing tridentate ligands) have become a very promising family of complexes due to an excellent balance between stability and reactivity that enables them to catalyze a number of organic reactions.
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Recently we published the synthesis and catalytic activity of two new hydrophilic CNC pincers 1-2. 6 On the basis of their excellent catalytic behavior in the Suzuki-type coupling between aryl halides or benzyl halides and arylboronic acids, we envisaged the application of the aforementioned pincers 1-2 to Hiyama reaction. The most remarkable results of such catalytic evaluation are displayed in this paper.
Results and Discussion
Among different organosilane derivatives (arylhalosilanes, aryl(halo)silacyclobutanes, aryl(triallyl)silanes, aryl(dimethyl)silanols, aryl bis(catechol) silicates and trialkoxy(aryl)silanes), we chose the latter compounds as reagents due to their commercial availability, lower price and higher stability under a wide variety of reaction conditions. Thus, taking 4-bromoacetophenone 3a and trimetoxy(pheny)silane 4 as model substrates, a whole array of reaction conditions were initially assayed employing complex 1 as the palladium source. Following our research on the application of sustainable media to cross coupling reactions, 7 most of the assays based on hydroxide bases were conducted in aqueous media, and polyethylene glycol 400 (PEG 400) 8 was also employed in this context. A selection of such coupling assays is displayed in Table 1 . As initial fluoride ion-mediated assays only provided traces of the target biaryl 5a (Table 1 , entries 1-3), aqueous sodium hydroxide was employed in the rest of experiments. The effect of the amount of this base in the reaction outcome was evaluated (entries 4-6) as well as that of other factors like its concentration, number of equivalents of silane 4, catalyst loading and temperature (entries 8-10). In an attempt to further decrease the required amount of the complex 1, PEG 400 was added as an additive/co-solvent so that it was possible to effect the target transformation by using a 0.1 mol% of catalyst 1 (entry 13). Considering the simplicity and lower basicity of the exclusively aqueous conditions displayed in entry 9 (4 eq. 4a, 3.0 eq. aq. NaOH 0.5M, 0.3 mol% 1, 160ºC, 2h), they were elected as the most convenient for Hiyama couplings catalyzed by complex 1. A more reduced range of assays were performed by using the more polar CNC complex pincer 2, which also incorporated N-heterocyclic carbene moities in its structure. As a precedent of the use of NHCs in Hiyama coupling, an interesting arylation catalyzed by a (NHC)PdCl 2 (pyridine) precatalyst in a H 2 O:dioxane mixture had been recently published.
3a From the results displayed in Table 2 , it can be concluded that complex 2 catalyzes the target reaction with similar efficiency, although some slight differences can be detected. Thus, complex 2 is more effective when lower amounts of phenylsilane 4a are employed (Table 2 , entries 1, 4, 5, 6 and 7 vs Table 1 , entries 1, 4-6), thus suggesting a higher reaction rate that could be related to a faster release of palladium nanoparticles in the reaction medium. 9 Another interesting effect is that of the requirement of more basic conditions when using 2, as shown by the higher amounts and/or concentrations of NaOH needed with this latter complex ( Table 2 , entries 4, 9-11 vs Table  1 , entries 4, 9-10). In this case, a possible explanation relies on the additional acidic (carboxy) groups present in pincer 2 that increase its solubility in basic aqueous media. A competition between the target coupling and other side-reactions was noticed, particularly in those assays that provided low or negligible yields (Table 1 , entries 1-6, 8, 10-12, 14-17 and Table 2 , entries 1-3, 5 10-11). In most cases decomposition of phenylsilane 4 was observed under reaction conditions (unlike ketone 3a, silane 4 could not be recovered from the reaction mixture), and to a lower extent, the dehalogenation product from the haloarene 3a (acetophenone) was also detected.
With these preliminary results in hand, the optimized conditions for each palladium complex (Table 1, entry 9 for 1 (Method A) and Table 2 , entry 4 for 2 (Method B)) were applied to several electronically dissimilar aryl bromides in order to explore the scope of the method. As shown in Table 3 , pincer complex 1 provided better yields in most cases, thus resulting a more general catalyst or precatalyst for the transformation under study. No clear differences can be noted for the reaction outcome from electron-donor and electron-withdrawing substituents, and the poor yield obtained from nitro derivative 3b could be caused by a nitro-group reduction side-process, as observed in other palladium-catalyzed transformations. Finally, recycling of the aqueous layer containing the palladium catalyst was assayed. Thus, the reaction mixture from the synthesis of biaryl 5a (Method A) was extracted with diethyl ether, and the resulting aqueous layer, without any further treatment, was poured onto a screw-capped tube, which was also charged with the reagents 3a, 4 (aqueous NaOH) and heated to 160ºC for 2h as in the first run. The yield of this second run was 86%, good enough considering the simplicity of the recycling procedure. A third run was also carried out, but the yield dropped to 18% in this case. It should be also pointed out the scalability of the process, as the latter recycling protocol was conducted on a 2-gram scale (10.1 mmol) providing slightly better isolated yields for the second and third runs (89% and 22% respectively).
To sum up, the palladium-catalyzed coupling between several aryl bromides and phenylsilane has been conducted by using two CNC-pincer complexes of Pd(II). For both complexes, the best conditions involved a fluoride-free procedure performed in aqueous media. In addition, a comparative study of their efficiency has been carried out, proving that this "onwater" Hiyama coupling was better accomplished by using the less hydrophilic complex 1, although tricarboxylated complex 2 allowed for a lower amount of trimethoxyphenylsilane. Finally, the reuse of the aqueous layer containing the catalyst has been also explored.
Experimental Section
General. For general experimental details, see ref.
12.
Hiyama coupling catalyzed by pincer complex 1 (Method A). General procedure A screw-capped tube open to the atmosphere was charged with the aryl bromide (1 mmol), complex 1 (0.003 mmol) and NaOH (1 mL of a 0.5M solution in water) at room temperature. This mixture was stirred for 5 min. In another flask, trimethoxyphenylsilane (4 mmol) was added to a 0.5M aqueous solution of NaOH (5 mL) and stirring was continued for 5 min. The latter mixture was added to the screw-capped tube, then it was sealed and heated with stirring at 160ºC for 2 hours. After cooling, the mixture was extracted with Et 2 O (3 x 6 mL), and the combined organic layers were dried over anhydrous sodium sulfate and evaporated in vacuo. The resulting residue was redissolved in CDCl 3 and the yield was calculated by 1 H-NMR using diethylene glycol dimethyl ether as internal standard. Purification by Flash column chromatography using 10% ethyl acetate/hexane as eluent was performed when indicated. Following this procedure the following products were prepared: 1-Biphenyl-4-yl-ethanone (5a) 13 (>99%, chromatographically pure, 99% isolated yield). 
4-Nitrobiphenyl (5b)
13 (18%).
